Oligoarginine-linked polymers as a new class of penetration enhancers.
Oligoarginines, which are known as cell-penetrating peptides, enhance the cellular uptake of poorly membrane-permeable bioactive molecules that are chemically conjugated to them. We designed a novel polymer: oligoarginine-linked poly(N-vinylacetamide-co-acrylic acid), with the expectation that the polymers will enhance the cellular uptake of the bioactive molecules that are physically mixed with them. Oligoarginines were grafted onto the polymer backbone through the chemical reaction with acrylic acid functional groups. The changes in the blood glucose concentration after nasal administration of insulin with and without the polymer were monitored in mice. The blood glucose concentration was slightly reduced when insulin was given solely at a dose of 10IU/kg. A D-octaarginine-linked poly(N-vinylacetamide-co-acrylic acid) with a grafting degree of 2% significantly enhanced the insulin-induced hypoglycemic effect. A similar enhancement was not observed when the polymer was substituted with intact D-octaarginine. The penetration-enhancing function of D-octaarginine-linked poly(N-vinylacetamide-co-acrylic acid) increased dramatically with an increase in the grafting degree of D-octaarginine. Substitution of D-octaarginine with the corresponding optical isomer and an increase in the number of arginine residues rather reduced the penetration-enhancing function. In vitro cell studies also indicated that a D-octaarginine-linked poly(N-vinylacetamide-co-acrylic acid) with a grafting degree of 17% enabled fluorescein isothiocyanate-dextran to effectively penetrate the cell membrane. Results demonstrated that our oligoarginine-linked polymer has a potential to provide a new class of penetration enhancers.